I. INTRODUCTION
Recently CDF collaboration [1] has measured the oscillation frequency of B 
As a flavor-changing neutral-current (FCNC) process, B q mixing, the model would be strongly constrained. In literature, the contributions of various new models have been extensively discussed [4] .
Many new models for physics beyond the SM are theoretically motivated by the gauge hierarchy problem. Among them, a warped extra dimension model by Randall and Sundrum (RS1) [5] has attracted a great interest, which solves the gauge hierarchy problem with geometrical suppression of Planck scale to TeV scale. The RS1 model has one extra spatial dimension of a truncated AdS space, the orbifold of S 1 /Z 2 × Z ′ 2 . The fixed point under Z 2 parity transformation is called the Planck (UV) brane and that under Z ′ 2 parity the TeV (IR) brane. In the original RS1 model, the SM fields are localized on the TeV brane in order to avoid any conflict with (most of) experimental data [6, 7] . Later a bulk SM has been widely studied because the phenomenological aspects of the localized field in the 5D theory depend sensitively on the unknown UV physics while those of the bulk field do not [6, 7, 8, 9, 10, 11] .
In addition, setting SM fermions in the bulk can explain the SM fermion mass hierarchy 1 ∆M s has been also observed by DØ collaboration [2] , as 17 ps
between top quark and neutrino without introducing the hierarchical Yukawa couplings and/or seesaw mechanism [10, 11] . However, many new strongly interacting particles in the bulk SM, which emerge around the TeV scale, lead to strong constraint from the electro-weak (EW) precision data [12, 13, 14, 15] . This is due to the lack of SU(2) custodial symmetry in the theory.
One of the most interesting bulk RS1 models, which is also consistent with the EW precision tests, is the one suggested by Agashe et. al. [16] . In this model, SU (2) custodial symmetry is induced from AdS 5 /CFT feature of bulk gauge symmetry of
And the SM particle masses are generated by vacuum expectation value (VEV) of a Higgs boson field, which is confined on the TeV brane to avoid another hierarchy problem [7] . A SM fermion mass is determined by its Yukawa coupling and the overlapping magnitude of the fermion zero mode function on the TeV brane.
The Kaluza-Klein (KK) mode function of a bulk fermion is controlled by its bulk Dirac mass parameter c. Unfortunately there is no unique way to determine Yukawa coupling and c's. A reasonable approach is to choose parameters which can be explained by a symmetry or more fundamental theory. One such choice is the universal 5D Yukawa couplings to all fermions [17, 18, 19, 20] . In this scenario, even if we choose all Yukawa coupling to be of order one, we can have small masses as well as small mixings by suppressed zero mode functions but moderate values of c's. Experimental data of SM flavor structure can determine the c's under some reasonable assumptions.
The localized Yukawa couplings can mix the zero modes of the bulk SM fermions from different generations, while the bulk gauge interactions are flavor-diagonal. This misalignment allows the FCNC coupling at tree level, as depicted in Fig. 1 [19, 20] . Since the coupling strength of strong interaction is much larger than that of EW interactions, the KK gluon is the n-th KK mode of a gluon.
contribution to ∆M q is dominant and substantial. Therefore, the contributions of B s mixing, more comprehensive and detailed study on this topic is worthwhile. In this paper, we present the full formalism including general complex phases in the left-and right-handed mixing matrices. As shall be shown, the presence of complex phases is crucial especially when we adopt a certain SM calculation of ∆M q . We will also examine how sensitive the new physics contribution to B II. THE WARPED EXTRA-DIMENSION MODEL WITH CUSTODIAL SYMME-
TRY ON TEV BRANE
The basic set-up of the model is the same as that of references [17, 18, 19, 20, 21] . We
spacetime with the metric of
where y is the fifth dimension coordinate and σ(y) = k|y| with k of Planck scale. The theory is compactified on the
orbifold, which is a circle (with radius r c ) compactified by two reflection symmetries under Z 2 : y → −y and Z
In what follows, we denote Z 2 parity by P , and Z ′ 2 parity by P ′ . Often conformal coordinate z ≡ e σ(y) /k is more useful with the metric of
The orbifold confines the fifth dimension
With moderate value of kL ≈ 35, the IR cut-off T ≡ e −kL k can be at the TeV scale so that the gauge hierarchy problem is solved:
There are two fixed points in the orbifold of
try is broken with orbifold boundary conditions on the Planck brane to U(1) R , by im- A five-dimensional gauge field A M (x, z) (dimension 3/2) is expanded in terms of KK modes:
where the mode function f (n)
A (z) is dimensionless. The zero mode function is
and the n-th (n > 0) mode function is
The following double constraints on β (n)
A determines the KK masses for the gauge bosons:
The normalization constant is
The five-dimensional action of a bulk fermion Ψ(x µ , y) is
whereΨ ≡ e −2σ Ψ and the 5D Dirac mass is m D = c k sign(y). The bulk fermion field is decomposed in terms of KK modes aŝ
where
The Dirac mass parameter c determines the KK mass spectrum and mode functions. Since Z 2 × Z ′ 2 parity of Ψ L is always opposite to that of Ψ R , the lefthanded SM fermion is the zero mode of a 5D fermion whose left-handed part has (++) parity (and the right-handed part has automatically (−−) parity). And the right-handed SM fermion, a singlet under SU(2) L , is the zero mode of another 5D fermion whose righthanded part has (++) parity. There remains two non-vanishing zero mode functions,
with the normalization constants of
Since the W
1,2
R fields with (−+) parity couples two elements of a SU(2) R doublet, we have an extra (−+) parity fermion in each SU(2) R doublet. To focus on the B 0 q −B 0 q mixing which involves, as for fermions, only the zero modes, we consider the fermion fields which contains the (++) parity only. Then the whole SM quarks can be contained in the bulk doublets,
where i is the generation index. Note that nine Dirac mass parameters (c Q i , c U i , and c D i ) determine the zero-mode functions and KK mass spectra in the quark sector.
To generate the SM fermion masses, we use the localized Higgs field on the TeV brane as the usual SM Higgs mechanism. The Yukawa interaction between bulk quarks and Higgs is [29] 
where H = e −kL φ(x) is canonically normalized Higgs filed,H = iτ 2 H * , and i, j are the generation indices. The boundary mass term is realized when the Higgs field develops the VEV of H = v. The SM mass matrices for up-and down-type quarks are then, for
The mass matrix M u,d is diagonalized by bi-unitary transformation:
The mass eigenstates are
The Cabibbo-Kobayashi-Maskawa (CKM) matrix [22] is defined as V CKM = U † uL U dL . A natural choice for U uL and U dL is that both mixing matrices have similar form of the CKM matrix. This choice of mixing is reasonable since the u L and d L , which belong to the same SU(2) L doublet, have the same bulk mass. We parameterize
where κ ij 's are complex parameters of order one. To avoid order changing during the diagonalization of matrix, κ 2 should be greater than sin θ c (θ c is the Cabibbo angle) and smaller than 1/ sin θ c . Therefore, we assume
In the SM, the huge mass difference between electron and top quark is explained by hierarchical Yukawa couplings. Even though the SM fermion mass in this model is also generated through the VEV of the localized Higgs field, the mass hierarchy can be attributed to different overlapping probability (by controlling c's) of the zero-mode function on the TeV brane. The SM fermion mass spectra have been studied for various values of the Dirac mass parameter c's, and found that the large SM fermion mass hierarchy can be explained without introducing large hierarchy in the model parameters [17, 18, 19, 20, 21] .
The structure of Yukawa couplings is arbitrary in this model. As mentioned in the previous section, one popular choice is that all of the 5D Yukawa couplings (to all flavors) have almost universal strength of order one: The fermion hierarchy is generated only by different fermion bulk masses. Since the mass eigenvalues and CKM parameters are empirically fixed, only unknowns are λ q 5 of Eq. (17) and κ ij in Eq. (20) . These parameters are all assumed as order one and the numerical ambiguity of λ q 5 can be absorbed into κ by redefinition of parameters.
In this set-up (where the 5D Yukawa couplings are universal and the mixing matrices are CKM-like), the SM quark mass spectrum is reproduced with the following Dirac mass parameters [18] : The 5D action for the gauge interaction of a fermion is
where g 5 is the 5D dimensionless gauge coupling, and Ψ = Q iL , u iR , d iR in general. For the (21), the zero modes of Q iL are dominant over those of d iR . Therefore, we take the contributions of the zero modes of Q iL only. Substituting Eqs. (7), (8) and (13) into Eq. (22) leads to the four-dimensional gauge couplings, defined by
With the preferred Dirac mass parameters in Eq. (21), we have the following hierarchy in
where λ = sin θ c ≃ 0.22. Thus,ĝ
is dominant.
The localized Yukawa interaction causes the mixing between the gauge eigenstates and the mass eigenstates as in Eq. (19) . The n-th KK gauge interaction among down-type quark mass eigenstates is
where d iL is the mass eigenstate, and
Note that if all of the c Q i are the same for three generations so thatĝ
ij is proportional to δ ij : No generation mixing and thus no contribution to B 
where for the second equality we have used the dominant behavior ofĝ 
where x t = m Flavor dependent and non-perturbative quantities are the bag parameterB Bq , and the decay constant f Bq . The KK gluon contribution, normalized by the SM one, is then In the warped extra dimension with custodial symmetry, the ∆M
where R q ≡ M 
IV. CONCLUSIONS
In conclusion, the warped extra dimensional model with custodial isospin symmetry can contribute to B 
